objectives Despite the success of Prevention of Mother-to-Child Transmission of HIV (PMTCT) programmes, low uptake of services and poor retention pose a formidable challenge to achieving the elimination of vertical HIV transmission in low-and middle-income countries. This systematic review summarises interventions that demonstrate statistically significant improvements in service uptake and retention of HIV-positive pregnant and breastfeeding women and their infants along the PMTCT cascade.
Introduction
Prevention of mother-to-child transmission (PMTCT) of HIV programmes have made great strides in the past two decades, and many countries have successfully decreased vertical HIV transmission rates to <5% [1, 2] . As of 2016, global PMTCT coverage rates reached 76% for the estimated 1.5 million pregnant women living with HIV, an increase from 37% in 2009 [3, 4] . Despite the demonstrated success of PMTCT programmes, [5, 6] evidence suggests that low service uptake and poor retention along the clinical cascade for mothers and their infants poses a formidable challenge to achieving elimination of vertical transmission [7, 8] .
The clinical path that pregnant and breastfeeding women and their infants pass along is composed of sequential steps, or a 'cascade'. Typically, the PMTCT cascade involves uptake of services including: antenatal care (ANC); HIV testing and counselling (HTC); prophylactic antiretroviral medications (ARVs); safe labour and delivery; safe infant feeding; and infant follow-up [5, 6] . The PMTCT cascade also includes linkages for women to long-term HIV care and treatment services, including initiation of antiretroviral therapy (ART) under Option B+, and regular monitoring of viral load during pregnancy and breastfeeding. Figure 1 illustrates the summary of steps in the PMTCT cascade with their definitions.
Adherence to the sequential steps of the PMTCT cascade is crucial, with one model indicating that virtual elimination of vertical transmission could be attained by 95% adherence to each step [8] . Ninety-five per cent adherence is challenging to attain in real-world settings due to challenges with ART adherence and retention, as shown by loss-to-follow-up rates of up to 88% in some contexts, and mortality following ART initiation [9] [10] [11] . Barriers to adherence and retention in the PMTCT cascade are well-described and include disclosure, stigma, lack of male involvement, and issues with ART access [12] [13] [14] [15] [16] [17] [18] . It is therefore important to design interventions that specifically target known barriers to successfully scale up PMTCT services while improving adherence and retention of mothers and infants.
Option B+, the immediate initiation of HIV-positive pregnant and breastfeeding women on ART, was proposed to overcome barriers to ART access by eliminating CD4 criteria for eligibility. However, recent studies indicate variability in ART uptake and retention rates for mothers and their infants in Option B+ programmes [19] [20] [21] [22] [23] . Some programmes have observed improved HIVexposed infant outcomes, including higher uptake of diagnostic testing, and lower HIV transmission rates, [24] while others have found higher maternal mortality indicative of poor retention following early ART initiation [25] . Several studies have reported that pregnant women may refuse or stop taking ART due to feelings of coercion or inadequate preparation for initiation [18, 19, 26, 27] . Given these unexpected outcomes observed in Option B+ programmes, it is increasingly important to identify and implement interventions to increase service uptake and retain mothers and infants.
Few studies have assessed interventions that show statistical significance in improving service uptake and retention along the PMTCT cascade for HIV-positive mothers and infants. This systematic review aims to identify these interventions to inform the design and scale-up of PMTCT programmes. We also propose areas for future research in PMTCT programmes.
Methods
A systematic review protocol adhering to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines was developed to identify and review the relevant research on interventions that improve service uptake and retention of pregnant and breastfeeding women and their infants in PMTCT programmes. This protocol was registered with PROSPERO (ID: CRD42017063816).
Search strategy
We conducted a systematic search of peer-reviewed academic literature published in English between January 1990 and September 2015 in five databases (PubMed, EBSCOhost, PsycInfo, CINAHL, and EMBASE). The following search syntax was used: (HIV AND (Pregnancy OR Pregnant) AND (PMTCT OR "PMTCT Cascade" OR "Vertical Transmission" OR "Mother-to-Child") AND (Prevent OR Prevention) AND (HAART OR "Antiretroviral Therapy" OR "Triple Therapy") AND (Retention OR Attrition OR Adherence OR Compliance OR "Loss to follow up" OR "Loss to followup" OR "Loss to follow-up" OR "Lost to follow-up" OR "Lost to follow up" OR "Lost to followup")). Secondary reference searches were also conducted on reference lists from reviews and studies included in this review.
Inclusion/exclusion criteria
All unique articles that were identified from the search of all databases and abstracts were individually reviewed. Inclusion criteria was: (i) English, (ii) publication in a peer-reviewed journal; (iii) evaluative of an intervention used in a PMTCT programme (Option B+ was not considered an intervention); (iv) study design included a control and comparison group, (v) conducted in a low-or middle-income country, [28] and (vi) measuring at least one statistically significant maternal or infant outcome along the PMTCT cascade as illustrated in Figure 1 . Figure 2 depicts the literature search methodology of the review. Study staff screened abstracts from all retrieved articles to remove non-relevant records (e.g. studies conducted in high income countries or studies about non-PMTCT topics) and duplicates. Excluded grey literature was conference abstracts, reviews, book chapters, dissertations, letters, and editorial opinions. Study types excluded were protocol descriptions, case reports, and descriptive qualitative studies. Non-English abstracts were also excluded. The remaining abstracts were double-screened by two independent reviewers, and results were compared to determine relevant abstracts by consensus. Once the abstracts had been reviewed, conformity to eligibility criteria was determined based on study sample size and inclusion criteria, study design, outcomes, and quantitative results. In order to identify high-quality, evidence-based research, study designs considered for inclusion were comparative studies, clinical trials, studies with control groups, retrospective studies, and interventions that involved pre-post-comparison group measures. All abstracts meeting inclusion criteria underwent full text review by two independent reviewers. Qualifying articles are summarised in Results and in Table 1 .
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Data extraction, management, and analysis
Standardised data extraction forms were used to obtain information from the articles included in the review, including: year published; author; location; study design; sample size; period of study; outcome(s) assessed; intervention description; intervention type; number and per cent achieving outcome; and effect size estimate. Results from each study were expressed as an odds ratio (OR) with confidence intervals (CI) and significance level. Meta-analysis was not conducted within or across categories due to the heterogeneity of both intervention modalities and retention definitions. Maternal and infant outcomes were mapped to the PMTCT cascade presented in Figure 1 .
Quality assessment of identified studies
Study quality was assessed based on an eight-item assessment tool developed for systematic reviews [29] . The results of the quality assessment are shown in Table S1 . Study designs included three randomized controlled trials, five prospective cohorts, two pre/post-evaluations, and one retrospective cohort. Bias was mostly related to study design due to the nature of interventions in most studies, which inhibited the equivalency of comparison groups at baseline on outcome measures; the random assignment of participants to interventions; and the random selection of participants for assessment. Thus, the risk of bias most frequently resulted from lack of random assignment of participants to interventions (72%), lack of random selection of participants for assessment (100%), and lack of equivalency between comparison groups at baseline (64%). No studies were excluded on the basis of quality.
Results
Study selection and characteristics
The search results are summarised in Figure 2 . Eleven full-length articles were identified that met the inclusion criteria for this review, and the characteristics of these articles are summarised in Table 1 . All 11 articles were published in 2009 or later, representing nine LMIC countries, primarily in sub-Saharan Africa, with South Africa (N = 4) and Kenya (N = 4) most frequently represented. Study designs included three randomized controlled trials, five prospective cohorts, two pre/post-evaluations, and one retrospective cohort. Study duration differed greatly, with an average duration of 2.2 years (median = 2.3 years, range = 2 months-6 years). Six studies followed the same individuals over at least two years. All studies had control or comparison groups, and two followed the same individuals over time in the PMTCT cascade with pre-and post-intervention data. One study assessed the impact of interventions in the context of Option B+, while the remainder assessed interventions under Option B, Option A, and previous PMTCT programme guidelines. The studies were conducted in both rural and urban settings in a variety of facilities, including primary health centres, district hospitals, midwife obstetric units, and community health centres that offer PMTCT services. The interventions were implemented by laboratory and clinical staff, counsellors, data entry and monitoring personnel, community members, trained interviewers, and peer persons living with HIV/AIDS (PLHIV).
In the following sections, we present the results of each statistically significant maternal and infant outcome and Integrated ANC/ART, lay cadres, and accelerated lab results CHW case management mHealth in Option B+ Quality improvement and policy changes HIV+ infant ART uptake Dillabaugh [36] Quality improvement and policy changes Retention in care and treatment for mother and infant
Feinstein [40] Washington [33] Weigel [30] Accessibility to ANC/ART services Integrated ANC/ART Accessibility to ANC/ART services *HIV testing and counselling uptake and confirmed postpartum ART were PMTCT cascade steps in Figure 1 not identified in the studies. its corresponding intervention, categorised by maternal, infant, and maternal/infant outcomes along the PMTCT cascade (Table 2) .
Maternal outcomes
Of the 11 studies reviewed, eight reported on outcomes in PMTCT services for HIV-positive pregnant and breastfeeding women. Of these eight, one assessed an intervention in the context of Option B+ implementation. Uptake of HIV testing and counselling services were not assessed in these interventions as HIV positivity was included in the criteria for study enrolment. Viral load monitoring outcomes were not reported in any of the studies.
Maternal ART uptake. All eight studies that described maternal outcomes described interventions that significantly increased ART uptake in HIV-positive pregnant and breastfeeding women (Table 3) . These interventions were categorised in three general themes; interventions to increase access to ANC and ART services; interventions where lay healthcare providers were used; and quality improvement approaches. Four studies detailed interventions designed to improve accessibility to ANC and ART services. Weigel et al. [30] described a combination intervention to strengthen linkages from diagnosis at ANC to the ART clinic, including opt-out provider-initiated testing and counselling (PITC); increasing access to ART services through either co-location or the use of a dedicated vehicle for transportation from ANC to PMTCT clinics; and the use of an electronic data system and a hospital ID system with free 'health passports'. In this study, 74% of women initiated ART in the intervention group vs. 17% in the control group [OR 14.24, 95% CI: 6.29 to 32.194 (P < 0.01)]. The time from ART referral to ART initiation decreased over the three years of the study, from an average of 19 days to 0 days. Despite ANC and ART services being~200 m apart, this distance was still sufficient to impact ART initiation.
The combination intervention detailed by Herlihy et al. [31] included three components: integrated ANC and ART in one location with a single provider; a laboratory courier to expedite CD4 counts; and community followup by lay counsellors. In this study, there was a statistically significant difference in CD4 uptake between women at baseline (50.6%, n = 510) vs. women postintervention (77.2%, n = 624) [RR = 1.81, 95% CI: 1.57 to 2.08 (P < 0.01)]. In addition, maternal ART enrolment increased in the intervention cohort compared to baseline, from 27.5% to 71.5% [OR = 6.69; 95% CI: 4.41 to 10.16 (P < 0.001)]. Two studies described the SHAIP trial in which ANC and ART services were co-located [32, 33] . Among the cohort of pregnant women receiving services during the study period, 40% initiated ART at co-located sites compared to 17% at the ANC-only sites [OR = 3.22, 95% CI: 1.67 to 6.23 (P < 0.01)]. The proportion of eligible women who started ART while pregnant increased over the three-year study, from 23% to 46% [OR 2.88, 95% CI: 1.62 to 5.14 (P < 0.01), Ref. 33] . Significant increases in other maternal outcomes were not observed in the intervention group, and loss to follow-up was common in both study arms. Post-partum data was collected for 28% of all women in the study, and twelve-month follow-up data was collected on 41.8% women in the intervention arm [33] .
The importance of building the capacity of lay healthcare providers to provide PMTCT services in the community was highlighted by three studies employing interventions that significantly increased maternal ART initiation. A prospective cohort trial described by Tonwe-Gold et al. [34] found improved ART uptake in the MTCT-Plus approach to family care, which included community outreach and education, nutritional support, family planning services, rapid ART initiation, and laboratory assessments. ART initiation rates increased among women from 2% at baseline to 41.5% during the study timeframe [OR = 6.39; 95% CI: 5.00 to 8.18 (P < 0.001)]. In Malawi, Kim et al. [35] assessed the impact of the Tingathe-PMTCT programme, which matched community health workers (CHW) with pregnant women to improve linkages between PMTCT, early infant diagnosis (EID) and paediatric HIV care. With this intervention, 72% of women eligible under Option B guidelines initiated ART during the programme compared to 19.7% at baseline [OR 10.43, 95% CI: 8.30 to 13.12 (P < 0.001)].
Two studies detailed continuous quality improvement (CQI) interventions that significantly increased maternal ART enrolment [36, 37] . In Kenya, a three-month 'Rapid Results Initiative' CQI intervention was designed with the Ministry of Health and other stakeholders, with the goals of increasing ART uptake among HIV-positive women, increasing infant testing, and improving infant ART initiation [36] . The intervention included components tailored to reduce barriers to PMTCT retention, including: increasing male partner attendance at HIV counselling and testing; education on PMTCT by CHW; and community mobilisation. This intervention increased ART uptake by women from 13.7% at baseline to 19.7% during the intervention [OR = 1.54, 95% CI: 1.29 to 1.85 (P < 0.001)].
The second study detailed a CQI intervention across a multi-facility public health system that included both personnel redeployment and protocol adjustments [37] . Protocol changes included the use of labou Ward PMTCT checklists, stapling of the maternal ANC patient record to the infant 'Road to Health' card, patient tracking by monthly labour ward PMTCT data review meetings, and monthly EID data reviews at sub-district offices. In addition to protocol adjustments, the intervention included strategic personnel redeployment, the use of mentor mothers in the PMTCT programme, and timely followup by clinic staff on clients loss to follow up (LTFU). These interventions increased the number of PMTCT clients on antenatal ART from 10% at baseline to 25% by the third year of the study [OR = 3.02, 95% CI: 2.29 to 3.98 (P < 0.001)].
Uptake of ARVs during the intrapartum and post-partum period. The CQI approach detailed by Youngleson et al. resulted in an increase in intrapartum ARV use (Table 3) . Maternal intrapartum AZT uptake increased from 43% to 84% [OR = 7.07, 95% CI: 4.60 to 10.87 (P < 0.001)] and intrapartum NVP uptake increased from 75% to 86% [OR = 2.25, 95% CI: 1.41 to 3.58 (P < 0.001)] [37] . However, none of the identified studies demonstrated statistically significant ART uptake by mothers in the post-partum period.
Infant outcomes
Of the 11 studies reviewed, nine studies reported improved outcomes for HIV-exposed infants. Table 4 indicates the infant outcomes reported in the identified studies mapped to the PMTCT cascade. Of these nine studies, one assessed infant outcomes following an intervention implemented in the context of Option B+.
Uptake of HIV-exposed infant prophylaxis. One study described an intervention that resulted in increased uptake of ARV prophylaxis by HIV-exposed infants. In the Partners Plus intervention, infant ARV dosing and adherence education were given to couples assigned to receive counselling or no intervention [38] . Mothers in the intervention arm were more likely to report giving their infants every dose of HIV medication during the study period (74%) compared with mothers from the control arm (46%) [OR = 3.23, 95% CI: 1.14 to 9.11 (P < 0.03)].
Uptake of early infant diagnostic testing and/or co-trimoxazole. Five studies reported on the uptake of EID testing and/or co-trimoxazole (CTX) prophylaxis. Two studies used facilitation by lay cadres of healthcare providers, two described CQI approaches, and one described a mHealth approach.
In the two studies that assessed facilitation by lay cadres, Herlihy et al. [31] assessed the impact of training healthcare providers and lay workers in PMTCT services and dried blood spot collection for EID. EID uptake in a mother-infant pair cohort receiving integrated ART and ANC services was also assessed. Infants in the intervention cohort had significantly increased EID uptake (59%) compared with infants in the control arm (42%) [OR = 1.74; 95% CI: 1.36 to 2.22 (P < 0.0001)]. Kim et al. reviewed the impact of CHW follow-up of pregnant women and their infants on the uptake of both EID and CTX prophylaxis services in the Tingathe programme. During the study period, 80% of the 1318 infants born to HIV-infected mothers were tested with HIV PCR and received CTX prophylaxis compared with 53.5% in the control group [OR = 3.6, 95% CI: 3.14 to 4.16 (P < 0.0001)] [35] .
Two studies described CQI interventions that significantly increased EID and/or CTX uptake by HIV-exposed infants. The 'Rapid Results Initiative' intervention reported a significant increase in the proportion of HIVexposed infants receiving DNA PCR tests, from 46% to 61% during the intervention. Improvements continued in the post-intervention period, with up to 87% of infants receiving an EID test [OR = 1.8, 95% CI: 1.57 to 2.06 (P < 0.001)] [36] . The CQI intervention detailed by Youngleson et al. [37] increased infant EID testing from 79% at baseline to 95% after the intervention [OR = 5.28, 95% CI: 4.1 to 6.78 (P < 0.001)]. Of particular note, the process change of stapling the maternal ANC patient record to the infant 'Road to Health' card on discharge from the labour ward improved data transfer and increased the number of infants recorded in the facility's cohort register by 24% each month on average.
In a mHealth intervention, Schwartz et al. [39] found that appointment reminder SMS combined with a case manager had a significant impact on EID testing in HIVexposed infants in an Option B+ programme. In this study, 90% of infants received HIV testing by 10 weeks of age during the intervention period as compared to 63.3% pre-intervention [OR = 4.03, 95% CI: 1.7 to 9.4 (P < 0.003)].
Interventions to increase initiation of ART by HIV-positive infants. One study described interventions that significantly increased ART uptake by HIV-positive infants. The Tingathe-PMTCT programme found that over 70% of HIV-positive infants initiated ART, which was compared to a regional proxy estimated at 53% [OR = 6.3, 95% CI: 2.99 to 13.2 (P < 0.0001)] [35] . 
Retention of mothers and infants
Three studies assessed interventions to increase retention of mothers and/or their infants in the prenatal or postpartum period (Table 5 ). All three studies described interventions to increase access to ART services through service co-location or integration, and were conducted with different retention criteria and timeframes for follow-up. Weigel et al. [30] found that improving linkages between ANC and ART clinics improved the six-month retention of women initiated on ART from 17% to 65% [OR = 9.25, 95% CI: 4.14 to 20.6 (P < 0.001)]. The SHAIP trial, which integrated ANC and ART services, found that 12-month retention of women increased from 66.8% in the control cohort to 74.2% in the intervention cohort [OR = 1.42, 95% CI: 1.11 to 1.83 (P < 0.01)] [33] . Feinstein et al. [40] assessed whether increasing maternal access to ART would retain HEI in care. In this intervention, HIV-positive mothers were initiated on ART in a model of Option B+, which decreased the 18-month infant LTFU rate from 20% to 8% [OR = 2.85, 95% CI: 1.84 to 4.42 (P < 0.001)]. Retention was defined as documentation of an HIV-exposed infant clinical visit, and LTFU was defined either as no visit within six months of the last clinic appointment, or as three failed tracking attempts since the last missed appointment.
Discussion
A primary objective of PMTCT interventions is to reduce the barriers at each step in the continuum of care to successfully prevent vertical transmission of HIV. Despite the uptake of Option B+ as a way to try to decrease these barriers through increased integration of ART and ANC services, obstacles still exist for mother-infant pairs along the cascade [22, 24] . The literature included in this systematic review evaluated interventions in PMTCT programmes that significantly improve service uptake and retention of HIV-infected pregnant and breastfeeding women and their infants along the cascade.
Several studies in this review demonstrated increases in service uptake and retention when the package of services provided to women and their infants were integrated in the same facility. An example is seen with the Weigel study, in which service uptake and retention of motherinfant pairs improved after ART and ANC services were integrated [30] . The authors of the Tingathe-PMTCT study derived a similar conclusion about integrated services [35] . Other studies found that integration of services into a family-based model improved outcomes and decreased known barriers to service uptake. For example, the MTCT-Plus initiative study found that men's involvement correlated with increased retention of pregnant women living with HIV in later stages of the PMTCT cascade, even up to two years post-enrolment [34] .
Two studies in this review assessed CQI interventions in PMTCT programmes and found similar successes in improving maternal and infant outcomes, including ART uptake and EID uptake [36, 37] . CQI interventions are widely use to improve health care processes through the implementation of evidence-based practices, whereby teams systematically collect and reflect on data to inform decision-making, and modify practices accordingly [41] . Several frameworks exist, most notably the Breakthrough Series (BTS) CQI framework, which brings teams together from health facilities for collaborative sessions, jointly reviewing progress and sharing solutions to achieve improvements across all facilities [42, 43] . Other studies included in this review identified that HIV-positive mothers and their infants are lost during connections between PMTCT service points, and that use of CHW or other lay staff working in the community assists mothers and infants in navigating these connections to actively prevent LTFU. For example, home visits by CHW for women and infants who default from PMTCT programmes have previously been shown to be effective when paired with client tracing systems for addressing LTFU in PMTCT programmes [44] . This observation was also supported in the identified studies where active tracing by CHW was used as a secondary prevention tool to prevent repeat LTFU after missed appointments [35, 36] . Recent updates to WHO considerations on differentiated care models for pregnant and breastfeeding women [45] involve the use of lay cadres as a strategy to increase healthcare access for pregnant and breastfeeding women. Lay cadres, such as CHWs, mentor mothers and peer leaders, are well-positioned to compliment differentiated models of care [46] [47] [48] . As delivery models evolve, the package of PMTCT services should be deliberately developed to maximise the advantages of services provided by lay cadres.
Combination interventions were a theme throughout the included studies, as several authors acknowledged that the positive results cannot be attributed to one specific intervention, like policy changes, resource additions, or quality improvement. The success of interventions that used multiple approaches to strengthen health systems, to rebalance healthcare provider's workloads and to assist women in navigating the healthcare system, is evident in this review. These combination interventions can be implemented to address the gaps in PMTCT services that contribute to high attrition rates along the PMTCT cascade.
Limitations
The small number of studies incorporated in this review is due to the exclusion of articles showing a modest effect on retention, which further highlights challenges with retention in PMTCT programmes [49] . Therefore, there may be barriers that have not been addressed through the interventions described in this review. The Research priorities section below discusses the rationale for implementation science studies to understand and address these barriers.
Uptake of HTC at ANC and viral load monitoring were two outcomes not identified in the articles included in this review. For HTC, all articles included HIV positivity of the mother in the criteria for study enrolment. Interventions to increase testing uptake are crucial as the entry point to the PMTCT cascade, yet broad issues such suboptimal testing coverage at ANC, late presentation, or non-clinic interactions are continued challenges for PMTCT programmes. For viral load monitoring outcomes, this molecular test was not widely available during the period of the studies (2005 to 2013), during which most countries relied on clinical staging and CD4 counts to identify treatment failure. As maternal viremia impacts vertical transmission [50] , it will be important to ensure that pregnant and breastfeeding HIV-positive women are prioritized as countries scale up viral load monitoring.
The studies described in this review were implemented in an environment of rapidly changing PMTCT guidelines. The heterogeneity of the literature and intervention types for PMTCT has been identified in recent reviews [49, 51] , and challenges the comparison of results from one 'option' to another. The mapping of results from the studies to the PMTCT clinical cascade could exclude effects that were beneficial to others in the family group, if family-based interventions were implemented [36] . This approach could also obscure details on psychosocial factors that are known to affect retention in care across the PMTCT cascade, including stigma and disclosure. The importance of disclosure in retention in care is well known, and most recently has been highlighted in a study showing the positive impact of disclosure with 5-year retention in care following initiation of ART in pregnancy under Option B+ [52] .
The studies described herein were geographically limited to sub-Saharan Africa, with Thailand the only nonAfrican country represented. Studies conducted in South Africa and Kenya constituted the majority of identified articles, with only ten other countries and one multicountry study represented. Results from these studies cannot necessarily be generalised to sub-Saharan Africa or all LMIC countries. This limitation also makes a compelling case and appeal to the PMTCT community to contribute country-and context-specific data on interventions that improve retention in PMTCT programmes.
Research priorities
The interventions that were identified in these 11 studies are a starting point for an evidence base to significantly improve retention for mothers and infants in the PMTCT cascade, and highlight several important research priorities.
The short duration of the studies described in this review highlights the need for longer-term analysis of retention along the PMTCT cascade. Only six studies followed the same individuals over at least two years. Research with extended study periods will permit assessment of interventions with reproducible impacts on improving long-term retention in care and on decreasing HIV transmission to infants, especially following prolonged breastfeeding periods. In addition, the heterogeneity of retention definitions found in this review supports previous suggestions that definitions, terminology, time intervals and end-points for retention-related indicators and outcomes should be standardised across study protocols [10] .
Numerous studies have reported on the barriers for pregnant and breastfeeding women that impact both access to and retention in care, yet data from Option B+ implementation has found that the same barriers are present even when ART access is improved [13, 17, 27, 53, 54] . Two cluster RCTs in LMIC are focusing on addressing barriers to PMTCT uptake. One study protocol study will assess whether male partner involvement plus a behavioural intervention will significantly reduce infant HIV incidence [55] , while the second is assessing an intervention including clinic-and community-based peer support by peer navigators, women living with HIV [56] .
Many of the known barriers to accessing PMTCT services could be addressed through bringing services closer to where women live through community-based differentiated models of care. Further implementation science research on how best to operationalize the WHO guidelines on differentiated service delivery models for pregnant and breastfeeding women [45] will allow more women and their infants to receive needed care and treatment.
Additional research with CQI interventions in the PMTCT cascade could help improve service delivery as PMTCT services are scaled up and differentiated models of service delivery are implemented. A number of frameworks exist, most notably the Breakthrough Series (BTS) CQI framework, which brings teams together from health facilities for collaborative sessions, jointly reviewing progress and sharing solutions to achieve improvements across all facilities [42, 43] . For CQI approaches to be successful in PMTCT programmes, sufficient time has to be allotted for training and implementation to allow completion of the cycles of review and action [57] .
Conclusion
Although attrition and loss-to-follow-up rates have been well documented in PMTCT literature, developing a thorough body of literature on effective strategies for addressing service uptake and retention has lagged. This systematic review of interventions that significantly improve the retention of mothers and infants in the PMTCT cascade has identified multi-factorial interventions including the use of lay cadres, quality improvement approaches, and ART integration into ANC settings. The low number of studies found that significantly impact steps in the PMTCT cascade highlights the need for additional operational research on interventions that work for mothers and infants, in order to inform programmatic strategies to reach epidemic control.
The findings from this review suggest that PMTCT programmes would benefit from short-term interventions using quality improvement approaches, and longer-term cohort retention studies to assess the impact of interventions on infant health outcomes after the end of breastfeeding. In addition, studies representing different LMICs would provide a strong evidence base of effective interventions that improve retention in PMTCT programmes across multiple contexts.
